Abstract. Pancreatic head cancer is a common but the most lethal cancer of the human digestive system. It is invasive, resulting in early infiltration of adjacent structures and lymph node and distant metastases. Its biological characteristics of neurotropic growth lead to early neural invasion (NI) which is an independent prognostic factor of survival for pancreatic cancer. Radical surgical resection remains the only form of curative treatment. The extent of surgical resection and whether extended resection results in better long-term survival have been controversial. Studies have reported that peripancreatic plexus invasion is a frequent cause of pancreatic cancer recurrence and death. The relationship between cancer microenvironment and nerve cells, and whether the peripancreatic nerve plexus nearby needs to be resected require further studies. The present review aims to discuss the role of peripancreatic nerve and its implications in pancreatic head cancer resection.
Introduction
The pancreas is a retroperitoneal organ. The peripancreatic nerves form a structure of network arranged in a crisscross pattern like clouds in the retroperitoneum, spreading along the abdominal aorta and its main branches, around the celiac artery and at the root of the superior mesenteric artery within the retroperitoneal soft tissues. In addition to the common biological behavior of cancers that come with direct invasion, hematogenous spread and lymphatic metastasis, pancreatic cancers have unique neurotropic growth characteristics which result in early perineural invasion. Some scholars (1) believe in neural invasion (NI), tumor cells grow along a nerve in any layer including the endoneurium, perineurium or epineurium. However, the exact mechanism of how NI occurs is still unclear (2) . One theory proposes that NI occurs in a low resistance fissure between the pancreas and the nervous system. When tumor cells infiltrate the epineurium, immune injury by invasive tumor cells significantly alter the microenvironment making it further conducive to tumor invasion and metastasis along the neurons, eventually causing pain (3) . Other studies show NI occurs because of secretion of neurotransmitters between the tumor cells and the nerves which attract tumor cells. Many signal molecules, including neurotrophic factors, cytokines, and cell surface ligands/receptors are involved in NI. Intraoperative nerve dissection methods, scope, and postoperative treatment have been the main foci in pancreatic cancer research to study the basis of pancreatic neural invasion and the mechanisms of neural invasion.
The concept and controversy of retroperitoneal nerve dissection in pancreatic head carcinoma (Review)
Anatomy and factors related to neural invasion of pancreatic carcinomas
The pancreas has a rich nerve supply coming from the internal pancreatic nerve, extrapancreatic nerve and peripancreatic nerve. The internal pancreatic nerve is branched and it travels interlobularly, being accompanied by both the pancreatic vessels and pancreatic duct. Its nerve endings are distributed among the acinar pancreatic cells, creating the necessary infrastructure to meet the requirements of neurotropic growth. The extrapancreatic nerve originates from the right celiac ganglion, goes through the hepatic plexus and the right side of the celiac plexus to form specifically the pancreatic head nerve. A thorough understanding of the classification and distribution of the peripancreatic nerve is critical in pancreatic resection and nerve dissection. During treatment, innervation of the pancreas should be viewed from the perspective of perineural invasion by the pancreatic cancer. A study using post-mortem dissection to observe the nerve fiber distribution in the pancreas and its relationship to tumor invasion was carried out on 9 patients who succumbed to pancreatic cancer (4) . The present study found the pancreatic nerve to originate in the region of the superior mesenteric artery. The nerve then runs along the inferior pancreaticoduodenal artery, but not forming large nerve bundles to innervate the pancreatic head. For the pancreatic body and tail, nerve fibers originate from the celiac plexus and go straight into the pancreatic tissues after leaving the celiac plexus, finally branching along the pancreatic duct to form the basis of the anatomical structure of the neural pancreatic plexus (Fig. 1 ).
Factors associated with neural invasion of pancreatic carcinoma
Lymph nodes, blood vessels and lymphatic invasion. The relationship between peripancreatic nerve invasion and lymph node metastasis is controversial, but the current thinking is that nerve infiltration is associated with the peripheral lymphatic network structure and nerve distribution (3). Studies have found carcinomas presenting with lymph node metastases are closely related to the incidence of pancreatic nerve invasion. Pancreatic cancer can easily invade the lymphatic system to violate the peripheral nerve.
In the superior mesenteric artery (SMA) with peripheral nerve plexus within the reticular lymphatic capillary distribution, pancreatic cancer neural invasion may have a close relationship with lymphangiogenesis (5).
The nature of the tumor. At present, the majority of researchers believe that perineural invasion of pancreatic carcinomas has nothing to do with tumor size and degree of lymphatic invasion, but instead is related to a certain extent to tumor location and its embryologic differentiation (6) . In addition, the number of tumor interstitial tissues may also influence the incidence of neural invasion. The interstitial tissues may play an important role in pancreatic cancer neuropathology.
Hyperglycemia. Diabetes is present in 34-40% of patients with pancreatic cancer, and it has often been diagnosed only in these patients (7) . Long-term diabetes is considered to be one of the pathogenic factors of pancreatic cancer, and a recent onset of diabetes may be a manifestation of the cancer (8) . With fasting glucose levels, for each additional 0.56 mmol/l (10 mg/dl), the corresponding risk of pancreatic cancer increases by roughly 14% (9) . A significant increase in diagnostic frequency of pancreatic cancer has subsequently been associated with a recent diagnosis of diabetes (10) .
Research has also confirmed that hyperglycemia may be related to neural invasion of pancreatic cancer. In general, cancer cells, high blood sugar, and presence of nerves are three factors that exist in the pancreatic cancer microenvironment; and cancer is the result of interactions among these three factors (11, 12) .
Molecular biological mechanism of neural invasion in pancreatic carcinomas
With recent in-depth study of tumor neurobiology, a series of studies have shown that many biological molecules and Figure 1 . The pancreatic plexus is divided into: i) pancreatic head plexus, which includes the pancreatic head plexus I (PLk ph I) from the right celiac ganglion to the inner upper side of the uncinate process of pancreas and the pancreatic head plexus II (PLk ph II) from the superior mesenteric artery to the inner upper side of the uncinate process of pancreas; ii) the celiac plexus (PL ce); iii) the superior mesenteric artery plexus (PL sma); iv) the hepatoduodenal ligament plexus (PL hdl); v) the hepatic arterial plexus (PL cha); and (vi) the splenic plexus (PL sp).
signaling pathways are closely associated with NI in pancreatic cancer, pointing to a molecular mechanism for NI (3). Relevant pathways include GDNF-RET (13, 14) , NGF-TrkA, Hedgehog (Hh) (15, 16) , CX3CR1 stimulation, ATDC (17) , vitamin D receptor (18) and matrix metalloproteinases (MMP). The combined effects of NI, secondary tumor masses, destruction of and abnormal regeneration of neurons, and angiogenesis are important factors that signal a poor prognosis in pancreatic cancer.
Composition of pancreatic tumor microenvironment
The tumor microenvironment is an integrated system composing of tumor cells, stromal cells (e.g. endothelial cells), infiltrating cells (e.g. macrophages and lymphocytes) and the products that they release (19) . The tumor microenvironment directly affects the characteristics of NI, and NI changes the microenvironment and the interactions between the tumor and the microenvironment. Therefore, studying the relationship between these factors has important clinical significance (Fig. 2) .
Cancer-associated fibroblasts. Pancreatic stellate cells (PSCs) are a type of fibroblast cells that surround the pancreatic lobule and pancreatic acini (20) (21) (22) . Previous studies have shown that during development of a pancreatic carcinoma, PSCs promote growth and invasion of pancreatic cancer cells which in turn activate PSCs. This constitutes a positive feedback loop that plays an important role in the development of pancreatic carcinomas (23) . The latest study found pancreatic tumor-associated stromal cells to limit tumor development, rather than to promote its development (24) . In fact, stromal cells appear to limit further damage through a protective rebuilding mechanism. Even in the end-stages of the disease, the body continues to take measures to try and stall disease progression. However, for pancreatic cancer patients that present with high levels of fibrosis, a combination of gemcitabine and hedgehog inhibitor drugs used to deplete myofibroblasts improves prognosis (25) .
Previous treatments have called for complete removal of fibrous tissue, which in all likelihood is not an ideal treatment strategy. New findings may subvert traditional cancer treatment strategies. Our current assumptions about cancer must be re-examined, and only when we can distinguish cells that are directly influenced by growing cancer cells, can we formulate therapeutic strategies to remove cancerous cells with minimal harm. At the same time, we need to make every effort to preserve the beneficial surrounding cells not impacted by tumor to reduce total damage.
Capillary network. Rapid growth of pancreatic tumor tissue requires a rich blood supply. A low density of blood vessels places tumor tissue in a hypoxic and nutrient-poor state, which requires angiogenesis to meet its growing needs. Clinical studies show that angiogenesis is related to rapid growth and poor prognosis in patients with pancreatic cancer (26) . Angiogenesis depends on a dynamic balance between growth factors and inhibitors (27, 28) . However, recent studies have found an interesting tumor treatment, called 'vascular promotion therapy' which increases vessel leakage and reduces tumor hypoxia, therefore, suggesting a potentially enhanced intratumoural drug delivery and a reduction in desmoplastic reaction. There is also an interesting approach to cancer treatment by promoting, rather than inhibiting, vascular formation. Treatment with a triple combination of cilengitide-verpamilgemcitabine reduced tumor burden and number of metastases considerably, and these effects were sustained after cessation of treatment (29) .
Immune cells. In pancreatic cancer, there is obvious infiltration by immune cells, but these immune cells do not appear to play a role in immune surveillance (30) (31) (32) . Pancreatic cancer cells evade immune recognition through modification of their surface antigens and changing the surrounding microenvironment. Changes made to the pancreatic tumor microenvironment largely attenuate the immune response to cancerous cells.
Abundant deposition of extracellular matrix.
In the pancreatic tumor microenvironment, cancer cells interact with stromal cells (33) . During this process, cytokines (34) and products influencing ECM development, such as MMP (35), TGF-β (36), HGF (37) and VEGF (38) also play an important role in the formation of the tumor.
Tumor-neural microenvironment
The existing literature proposes the concept of a tumor-neural microenvironment (23, 39) in that cancer cells and nerves constitute a microenvironment which mutually promotes proliferation and inhibits apoptosis. This microenvironment can promote the occurrence of NI, thus making the tumor microenvironment a critical factor in the progression of pancreatic cancer.
In the process of evolution, tumor cells gradually form a favorable microenvironment to foster development, promote tumor cells to grow towards nerve tissue and invade. At the same time, nerve tissue has a specific (favorable) microenvironment to include neurons, glial cells, and their expressed products to exert chemotactic effects on cancer cells, thus promoting invasion. Through NI, the interaction between tumor cells and nerve tissue can further change the microenvironment, thus enhancing NI (3).
As the microenvironment plays an important role in cancer cell invasion and metastasis, changing the microenvironment to reduce the invasiveness of cancer cells has theoretical feasibility. However, since the prognosis is influenced by both tumor and stromal cells, there is not sufficient evidence to show that the microenvironment alone can cause or impair cancer cell invasion. Furthermore, cancer cells exhibit great heterogeneity, such that the 'fittest' cells are selected for survival, allowing the tumor to constantly adapt to changes in the environment. Even when therapeutic strategies successfully intercept the main mechanism of pathogenesis, the problem is often not completely resolved. After cessation of therapy, other (hidden) pathogenesis mechanisms often surface and eventually lead to recurrence. Therefore, the tumor microenvironment is a complex, dynamic network (40) , and currently only a few individual factors related to the microenvironment have undergone in depth study. Although the tumor microenvironment plays a complex and important role in cancer pathogenesis, the total influence of the stromal environment is currently poorly understood and necessitates further studies.
Surgical treatment, adjuvant therapy, and monitoring technology to follow neural invasion in pancreatic carcinoma
The traditional Whipple operation focuses only on excision of the tumor, which often results in inadequate extent of resection and tumor clearance. Lymph node metastasis and pancreatic nerve infiltration are important biological features that occur frequently with pancreatic cancer. The keys to technical improvements on the Whipple operation lie in extending lymph node dissection, performing complete peripancreatic retroperitoneal resection with or without portal vein/mesenteric vascular resection and reconstruction, emphasizing on negative margins, removing all metastatic lymph nodes, preventing peritoneal infiltration, and utilizing microscopic resection techniques to achieve R0 resection (41) . Japanese scholars believe that to include the tumor and the surrounding connective tissues, lymphoid tissues, and nervous tissue into a radical resection is the best treatment for pancreatic tumors at present. However, there are serious limitations to such approaches: i) the clinical technology currently available is limited and it is difficult to definitively diagnose the range of neural invasion in the preoperative and intraoperative periods. These predictive measures often rely on lymph node metastasis, tissue grade, tumor size, and other factors that may not accurately characterize the extent of tumor progression; ii) complete resection of retroperitoneal nerve plexus may lead to complications such as severe diarrhea and malnutrition; iii) complete resection involves operating in a deep surgical site with a small visual field and poor exposure in a region surrounded by vital structures. Therefore, there is a balance between the extent of radical resection with the likelihood of recurrence, which is the main dilemma for surgeons. Studies focusing on nerve invasion in pancreatic cancer may help to improve the complete surgical resection rate in early cases, while reducing the postoperative recurrence rate. With a better understanding of the biological characteristics of neurotropic growth in pancreatic cancer, a better decision can be made on the extent of resection and a better long-term post-operative survival can be achieved.
Treatment of retroperitoneal nerve dissection and vascular skeletonization
Need. Clearing the retroperitoneal nerve plexus, especially the SMA peripheral nerve plexus during surgical treatment of pancreatic cancer has a neuroanatomical basis.
Recurrences of pancreatic cancer after a Whipple procedure has four patterns: liver metastasis, peritoneal dissemination, retroperitoneal recurrence and distant metastasis. The most important reason for retroperitoneal recurrence to occur is because of perineural invasion. Reports show that >50% of pancreatic resection specimens display obvious nerve infiltration. Even after radical pancreaticoduodenectomy (PD), the local retroperitoneal recurrence rate within one year post-surgery is >80%. The most common site of recurrence is in soft tissues at the rear of the pancreatic head. Therefore, pancreatic nerve invasion has become an independent prognostic marker of long-term survival for pancreatic cancer. The accuracy in prediction is greater than using the T stage, involved lymph node counts, and other indicators (42) . In actual fact, 20-40% of clinically resectable pancreatic cancers have been pathologically confirmed to be non-radically resected. The main reason is due to the residual margins caused by invasion of peripancreatic plexus. To avoid nerve invasion through other possible means (lymphangiogenesis), the main tumor should be entirely resected (Fig. 3) Auxiliary technology. In 10 patients who died of nondigestive diseases, their corpses were used to show the extent of the NO. 14 group of lymph nodes needed to be dissected to retain the SMA peripheral plexus (43) . The results showed 93.7% of the lymph nodes were located 3 mm away from the adventitia of the SMA. The average distance between all the SMA lymph nodes from the adventitia was 5.5+2.0 mm. The corresponding distances on the right side and on the left side of the SMA were 5.8±2.1 and 5.3±1.9 mm, respectively. There was no significant difference between the distances on the left and right sides. In addition, the lymph node distributions in the horizontal direction and the vertical direction of SMA were the same. On the other hand, the average width of the nerve plexus wrapping around the SMA (left and right side of the SMA) was 4.2+1.3 mm. Whereas, the positional relationship between the lymph nodes and the nerve plexus in all the 142 lymph nodes which completely wrap around the SMA plexus was >8 (5.6%). The remaining lymph nodes were partially or entirely located outside of the nerve plexus. For the 8 lymph nodes which were embedded in the plexus, 7 (87.5%) had a distance of <3 mm from the SMA arterial adventitia. Combining with the previous data, nearly 94% of all the NO. 14 group of lymph nodes were outside of the SMA peripheral nerve plexus. Thus it was shown that by only retaining the 3-mm thick SMA plexus, almost all of the surrounding lymph nodes can be cleared away, thus, supporting surgical clearance of the NO. 14d group of lymph nodes is technically feasible (43) .
Some scholars believe that complete clearance of the connective tissues surrounding the SMA is ideal for patients with infiltrating pancreatic cancer. On taking into account the resulting quality of life, only complete right sided semicircular clearance of the SMA nerve plexus is recommended as these tissues are especially vulnerable to cancer infiltration. As the patient retains the left sided semicircular SMA nerve plexus, even after completing a circumferential resection of the NO. 14 group of lymph nodes, additional intraoperative irradiation may be necessary (43) .
There have been reports that show that intraoperative ultrasound or IPUS (intraductal ultrasound) can be used to determine whether the tumor has infiltrated the PV (portal vein) or the pancreatic peripheral nerve plexus intraoperatively. Using IPUS to evaluate invasion of the pancreatic head nerve plexus, the sensitivity, specificity, and accuracy were 94, 98 and 97%, respectively (43) .
The development of optogenetic technology helps to identify areas to avoid dissecting into. Using optogenetic neuron staining techniques to peroperatively identify the neural location susceptible to injuries, fluorescence can prompt the surgeon to avoid causing accidental injury intraoperatively. As ganglion excision may result in postoperative gastrointestinal dysfunctions and energy absorption disorders, its downstream neurons can be transfected by photosensitive genes and illuminated to preserve gastrointestinal motility and to maximize the patient's post-operative quality of life.
Total mesopancreas excision (TMpE) and modified surgical excision. Research shows that the long-term survival of patients is influenced by the tumor biological characteristics, patient health status, and whether R0 (curative) resection has been achieved (44) . Improvements in surgical treatment of pancreatic head carcinomas aim to improve both the surgical resection and the R0 resection rates. Unfortunately, 20-86% of patients fail to achieve a real R0 resection (45) (46) (47) (48) (49) . In clinical case studies when most operations were considered to be 'radical'/R0 pancreaticoduodenectomy, the positive specimen margin (R1 resection) rate with microscopic residual tumor visible under the optical microscope was 30-40% (47) . Although the specific definitions and standards of R1 resection have not yet been internationally standardized, residual cancer 1 mm from the cutting edge (as visible under a light microscope) is recognized as one of the criteria (50). This explains why many patients with 'R0 resection' do not have long-term survival. For patients with pancreatic head cancer who underwent pancreaticoduodenectomy, the most common site of R1 residual cancer is in the 'mesopancreas' (51, 52) . Recently, total mesopancreas excision (TMpE) has been implemented and this may help to increase the R0 resection rate and to improve patient's prognosis (53) . Verbeke (50) pointed out that the mesopancreas is the most important part of the retroperitoneal resection margin, and according to this standard, the pancreatic carcinoma R1 resection rate reached 85% through improved pathological examination. Therefore, the retroperitoneal margin is the most critical margin related to R0 resection, and the fact that R1 resection has been misjudged as R0 resection in pancreatic head cancers is the main reason why 'R0 resections' have poor results (53) .
First described in 2007, the mesopancreas (54) includes the dorsal pancreatic nerve and the lymph tissue layer. Total mesopancreas excision (TMpE) is based on the principle of total mesorectal excision (TME) and includes the peripancreatic lymphatic and adipose tissue layers in an en bloc resection (55) . In order to achieve a negative retroperitoneal margin, unlike TME, TMpE does not follow a fixed tissue clearance using complete resection of a predetermined interstitial structure or organ range.
The concept of the mesopancreas triangle was proposed to define the scope of mesopancreas excision (53) . The base of the triangle is the superior mesenteric vein and the rear of the portal vein, while the vertex is in the front of the abdominal aorta, between the celiac axis and the starting point of the superior mesenteric artery, to include the superior mesenteric artery and the right side of the semicircle of the celiac plexus. These structures form an inverted triangle (Fig. 4) . The range of resection required by TMpE is partially covered by regional lymph node dissection, but TMpE emphasizes the en bloc resection with soft tissues behind the head of the pancreas to include the lymph nodes and plexus. This is done to complete the surgical field with a three-dimensional (3D) negative edge to achieve a real R0 resection. According to the pathological examination of intraoperatively-obtained and labeled specimens, the number of cancer positive pancreatic mesopancreas samples in patients with pancreatic head carcinomas was 23%, while the median number of lymph nodes dissected was 24, and the overall R0 resection rate was as high as 80% after TMpE (53) .
However, the notion that the pancreatic mesopancreas exists and is involved is not universally accepted at present. Many surgeons believe that there is no fascia surrounding the pancreas and/or that it is not involved in the general or fascia tissue pathology. Therefore, there is no true concept of the pancreatic mesopancreas anatomically (52) . However, clinical studies have shown that this structure does exist as a 'category mesopancreas organization' (56) . The posterior pancreatic head, superior mesenteric artery, celiac trunk, and the soft tissue around the abdominal aorta margin lack uniform definitions, yet, they comprise the region that is the most common site of invasion and metastasis in pancreatic head carcinomas. The objective facts that residual tumors and local recurrence often occur in this area after surgical resection help to define this area as the pancreatic mesopancreas, even though there may not be any enveloping fascia. Clearer definitions and recognition of this area can help to standardize the rate of radical cure of pancreatic head cancer and improve efficacy. The principles of TMpE emphasize that pancreatic head carcinoma resection should be combined with en bloc of this area to achieve R0 resection. When compared with other current surgical methods through existing clinical studies, TMpE shows no significant differences in operation time, intraoperative blood loss, incidence of complications, postoperative hospital stay or perioperative mortality. Therefore, despite all the controversies, TMpE is a comparatively safe and viable option for treatment of pancreatic head tumors (53) .
Viewed from the perspective of embryology, due to a duodenal loop, the 'meso' disappears during embryonic development (57) . The embryonic mesentery facilitates the pancreatic germ attachment to the abdominal wall, thus, forming the pancreatic mesopancreas. This is why the pancreatic mesopancreas must be completely resected up to the SMA. The concept of 'meso-pancreatoduodenum excision' (tMPDe) was put forward to address this (58) . The meso-pancreatoduodenum is defined as a mesangial mesentery supplied by the inferior pancreaticoduodenal artery (IPDA), which runs towards the third and fourth portions of the duodenum and the proximal jejunal mesentery supplied by the first jejunal artery (FJA) at the back of the SMA. During tMPDe, the scope of the TmpE (Fig. 5) is extended to the left side of the SMA from the coronal plane to ensure thorough cleaning of the retroperitoneal margin. As a result the R0 resection rate significantly increases when compared with the standard pancreaticoduodenectomy procedure (93 vs. 60%) (58).
However, current TMpE studies are retrospective studies. Larger cohort studies and randomized controlled trials are needed to evaluate the clinical effects. Also, the long-term prognosis of these patients remains unclear. Some clinical studies using extended retroperitoneal clearance failed to show that extended resection improves patient prognosis. Although the concepts of mesopancreas and TMpE are controversial, there are some other reports which show TMpE has definite advantages. We believe TMpE is an entirely new concept that requires further evaluation. Its clinical application may improve the prognosis of patients with pancreatic carcinomas, but large randomized clinical studies are necessary to demonstrate its true role in the treatment of pancreatic head cancer.
ii) Breakthroughs in the existing operation procedures using a circumferential resection plus adjuvant therapy? Extensive resection of the retroperitoneal nerve plexus will cause the bowel to lose its dual innervation, thus, resulting in serious complications such as severe diarrhea and malabsorption of nutrients. These can be difficult to control even with medication (59) and can significantly impair the quality of life after operation. In some situations, these complications can be life-threatening. However, in clinical practice, the incidence of postoperative intractable diarrhea does not occur more frequently than after extensive resection, suggesting that the incidence may be low and/or readily controlled (58) . However, if the tumor is circumferentially wrapping around or is invading the SMA, radical operations should not be attempted. In this case, palliative operation or implantation of I 125 are better options. If preoperative imaging and intraoperative exploration only detect suspicious lymph node metastasis on the left edge of the SMA, the SMA can theoretically be completely skeletonized, which is then combined with optogenetic adjuvant therapy.
Based on the concept of TMpE (en bloc resection and R0 resection), the 'no touch' tumor principle and integrated with a large number of clinical reports, the SMA should be dissected first to determine whether it is feasible to perform radical resection. Total mesopancreas excision should be carried out to remove the lymphatics and blood vessels in the mesopancreas, which falls in line with the principle of 'no contact' tumor resection before the pancreaticoduodenectomy (58) .
What do we need? i) Randomized controlled studies worldwide at this stage do not support extended resection and extended lymph node
clearance. The latest clinical study on 200 patients with pancreatic head carcinomas (59) showed no improvement in long-term survival by using extended resection, including extended lymph node dissection and plexus dissection when compared to the traditional standard pancreaticoduodenectomy (Whipple procedure). This large prospective study showed that extended resection did not improve long-term outcomes. However, the present review has many debatable points. For example, in the cases of radical operation, it is not clear what criteria were used to define the extent of clearance or how the SMA peripheral nerve plexus was distinguished from the No. 14d group of lymph node during dissection. The review also mentioned on several occasions that complete circumferential clearance of the SMA plexus would inevitably lead to intractable diarrhea, poor nutrient intake, and immune dysfunction, which would affect the postoperative quality of life and survival of the patients. Therefore, in the extended resection group there was no clearance of the left half of the SMA. However, there were no clear data in the medical literature to indicate the severity and intractability of the diarrhea. References used were at least 10 years old. The lengths of hospital stay mainly caused by the national health care system were also different between the two groups, which affected the accuracy of the results. Notably, the report also indicated that in the extended resection group there were significantly more patients with peritoneal metastasis.
The report also noted that in the standard group and the extended group, operation time and blood loss were significantly different. As dissection was performed near to major blood vessels and nerves in the extended group, balancing the risk of prolonged operation times, increased bleeding volumes, and surgical complications with the potential extension of postoperative survival warrants further investigations.
Retrospective clinical data from Japan indicated that extended resection could result in significantly improved survival (60, 61) . However, randomized controlled trials in Europe and the United States do not support the use of extended resection in pancreatic cancer (61) . Prospective randomized studies in Europe and the United States showed that the survival rate was not significantly different between extended radical and standard operations, while the extended radical operation had a higher rate of surgical complications (62) .
In summary, each center has its own view on the scope and extent of retroperitoneal dissection. Most European and American scholars tend to advocate for a standard Whipple Figure 5 . The key extent of meso-pancreatoduodenum excision (tMPDe): i) The left side semicircle lymphadenectomy around the SMA from the origin of the MCA up to the origin of the SMA in a longitudinal direction on the ventral side of the SMA. The origin of the common trunk of the inferior pancreaticoduodenal artery (IPDA) and first jejunal artery (FJA) need to be secured at the left posterior side of the SMA. A right-side semicircle lymphadenectomy is then performed, soft connective tissue around the SMA containing lymph nodes, mesopancreas, and PL around the SMV is dissected up to the origin of the SMA in a longitudinal direction. After completion of the circumferential lymphadenectomy, the IPDA and FJA are ligated and divided. ii) If the portal venous system was involved in tumor invasion, a quick resection of the vein followed by an end-to-end anastomosis was conducted. The resected specimens demonstrated that the mesoduodenum, which is fed by the IPDA, and the jejunal mesentery, which is dominated by the FJA, form a common mesentery, and thus named this common mesentery the 'meso-pancreatoduodenum '. procedure. For extended retroperitoneal dissection, information from the Japanese scholars cannot lead to a conclusion as to whether an extended resection is superior to a standard Whipple in long-term survival outcomes.
ii) Costs related to pancreatic cancer management. The majority of patients with pancreatic cancer are diagnosed late. The patients are old, and the survival rate is very low because of rapid tumor progression (63) . In 2014, the median age of patients diagnosed with pancreatic cancer was 71-years old in the United States. The incidence has increased each year, and the numbers of new cases and fatal cases are expected to reach 46,420 and 39,590, respectively. Pancreatic cancer is ranked number four in malignant tumor mortality, and the 5-year survival rate is <6% (64, 65) . The main cost of diagnosis and treatment for these patients include costs for hospitalization, postoperative drug treatment, nursing and other costs (66, 67) . Pancreatic resection is arguably the most complex and difficult surgery in the medical profession. Even eliminating all objective conditions, the technical level of the surgeons and other human factors, the risk of surgical complications remains high. Surgical complications (aside from the cancer) can be life-threatening. At the same time, with increasing costs for long-term postoperative care after reconstruction of digestive tract and the risk of resulting malabsorption (68) , the costs to the patient's family, patient and society are a heavy burden that will increase with disease incidence.
Optogenetic technology with pancreatic cancer for detection and adjuvant therapy
To study the basis of pancreatic neural invasion which includes the mechanisms of neural invasion, optogenetic technology can be used to control the optics of a cell after making it to express a light-sensitive protein with genetic techniques which integrates optics, electrophysiology, genetic engineering and other disciplines. By using light regulation of specific neuronal cell types, the function of neural circuits and the specific control of biological behavior can be studied (69, 70) . Optogenetic technology is being applied more widely because of its ease in handling, intact stimulus, high temporal and spatial precision, quantifiability and repeatability (71, 72) . The core of optogenetic technology includes real-time imaging technology of specific neurons and light-sensitive control technology. As a possible way to go beyond traditional neuroscience research methods and to regulate neuronal activity, channelrhodopsin-2 (ChR2), a light-sensitive ion channel protein that can cause changes in membrane potential in response to light, represents a useful tool (73, 74) . Optogenetic technology can target ChR2 to specific neural circuits and control the function effectively. From the neural networks of the nematode to brain research in rhesus monkeys, ChR2 has been systemically tested in higher level animals (75) . From basic research studies on neural circuits to clinical diseases of the nervous system, ChR2 has become a new method to explore neural system diseases. With a more practical significance, optogenetic technology can be applied in vivo (76) . Some scholars use this technique (with good results) in conjunction with lentivirus application to alter the pathogenesis of sleep disorders (77) .
During pancreatic resection, injured nerves can cause postoperative gastrointestinal disorders. However, injury is common due to the limited resolution of the naked eye, making it difficult to visualize tiny nerve endings. Real-time neuronal staining using optogenetic technology in vivo allows for the visualization of such nerves and their distribution to avoid accidental injury. Unilateral or bilateral celiac ganglia that have been violated by pancreatic cancer cells must be removed. Considering that gastrointestinal disorders can significantly reduce the quality of life, downstream neurons can be transfected with light-sensitive proteins and illuminated to preserve the nerves and thus gastrointestinal motility.
ChR2 can also be used to regulate other cellular calcium signaling regulatory pathways (78) , such as the calcium signaling pathway to control pancreatic stellate cells, which is helpful to further understand how they affect neurons with regards to support, nourish, protect and communicate. Such techniques can be used to further explore the molecular mechanisms of neural invasion in pancreatic carcinomas (79, 80) .
With development of new technology and identification of light-sensitive channel proteins with long-term stability which can then be expressed in specific neurons and monitored using fast 3D beam scanning methods, we have reasons to believe that pancreatic cancers will soon be treatable using optogenetic technology (81).
Conclusions
In conclusion, a better understanding of the mechanisms which are involved in NI and the role of NI in pancreatic cancer progression is essential. Promoting advanced preoperative evaluation systems, strengthening the collaboration of multi-disciplinary teams (MDT), making a reasonable choice of treatment, and continuing to standardize pancreatic surgical procedures are the keys to achieving higher R0 resection rates and improving prognoses of patients with pancreatic cancer.
